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Objectives. We sought to increase the accuracy of New York City’s estimates
of its unsheltered homeless population. 

Methods. We employed 2 approaches to increasing count accuracy: a plant-capture
strategy in which embedded decoys (or “plants”) were used to estimate the
proportion of visible homeless people missed by enumerators and a postcount
survey of service users designed to estimate the proportion of unsheltered home-
less people who were not visible.

Results. Plants at 17 sites (29%) reported being missed in the count, because
counters either did not visit those sites or did not interview the plants. Of 293
homeless service users who were not in shelters, 31% to 41% were in locations
deemed not visible to counters.

Conclusions. Both plant-capture estimation and postcount surveys are feasible
approaches that can increase the accuracy of estimates of unsheltered homeless
populations. (Am J Public Health. 2007;97:1438–1442. doi:10.2105/AJPH.2005.
083600)
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whether homeless people are likely to be
found there in the middle of the night. 

Volunteer counting teams are sent to all
high-density zones and to a random sample
of low-density zones between midnight and 4
AM on a single night in late February. Count-
ing teams are instructed to interview all peo-
ple encountered awake in their zones, to de-
termine whether they are homeless and
without shelter, and to count those found
asleep. The final estimate of the number of
unsheltered homeless people is the sum of
those actually counted in high-density zones
and a statistical extrapolation from those
counted in the random sample of low-density
zones.

Street counts were conducted in Manhattan
and some subways in 2003, expanded to in-
clude Brooklyn and Staten Island in 2004,
and extended to all 5 boroughs in 2005. As
part of the ongoing efforts of the Department
of Homeless Services to improve the counts,
the department invited independent research-
ers, with federal funding from HUD, to ad-
dress 2 potential limitations of the street-
count methodology: first, that volunteer
teams are unlikely to find and count all visi-
bly unsheltered people on their assigned cir-
cuits and, second, that some unsheltered

homeless people are likely to be in places that
would be missed during the Homeless Out-
reach Population Estimate (HOPE) survey.
We conducted 2 studies to estimate the con-
sequences of each of these limitations for the
accuracy of New York City’s street count. 

METHODS

Plant-Capture Technique
To address visibly unsheltered people being

missed, we used a “plant-capture” variation of
the more familiar capture–recapture methods
employed in wildlife estimation studies, in
which embedded decoys were used to esti-
mate the proportion of visible homeless peo-
ple missed by enumerators. Developed by
Laska and Meisner,5 this technique was field
tested and refined as part of the unsheltered
portion of the Census Bureau’s 1990 “S-
Night” (street and shelter) count of the home-
less population of New York. Researchers
placed 127 plants at 41 street and subway lo-
cations in 4 census districts; an estimated
59% were actually counted.

However, site definitions were ambiguous,
enumerators missed some designated loca-
tions, and enumerators sometimes counted
by observing rather than by conducting

Communities are required to include esti-
mates of local homeless populations in appli-
cations for US Department of Housing and
Urban Development (HUD) Continuum of
Care funding for programs responding to
homelessness. Typically, few problems are in-
volved in counting those individuals who are
sheltered each night; methods to ensure that
counts are not duplicated over time are also
available. However, estimating numbers of
homeless people living on the street, in parks,
or in “unconventional” housing is another
matter. The 2 strategies described here were
used to assist New York City’s ongoing efforts
to improve methods of estimating the size of
its unsheltered homeless population.

HUD endorses 2 methods of obtaining
point-in-time counts of unsheltered homeless
people: directly counting people in public
places or screening those using selected ser-
vices to determine whether they are homeless
and without shelter.1 Counts of visibly home-
less individuals miss unsheltered people who
remain out of sight during the counts.2,3 They
also depend on enumerators determining
which individuals should be counted as
homeless, and such judgments, whether made
through observations or interviews, are sub-
ject to a host of inaccuracies. Conversely,
many people using such services as soup
kitchens are not homeless. As a result, sur-
veys of their users must determine whether
the arrangements of these individuals on the
night in question meet operational definitions
of homelessness.4

For purposes of its annual street count,
New York’s Department of Homeless Ser-
vices divides the entire city, including trans-
portation hubs and the subway system, into
small zones (i.e., into a few contiguous
blocks or a subway station). The department
relies on service providers and police (as
well as the experience gained during counts
conducted in previous years) to classify each
zone as high or low density, reflecting
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interviews.6–8 In this study, our use of de-
tailed maps enabled us to estimate with in-
creased accuracy the error introduced by the
latter 2 problems. Expanded site coverage
and the decision to proceed despite a weather
delay enhanced the study’s external validity
and real-world relevance.

We deployed paid plants throughout the 5
boroughs in configurations intended to track
the anticipated distribution of homeless peo-
ple by borough and to conform to the city’s
sampling fractions of low-density sites. If the
distribution of plants mimicked that of their
homeless counterparts, and if plants were in
the same areas to be visited by the HOPE
teams, the proportion counted among this
embedded population should yield a proba-
bilistic estimate of the proportion counted
among homeless people in readily accessible
public spaces. Our results allowed for upward
adjustment of enumerated estimates to ac-
count for people missed.

Prospective plants were recruited from uni-
versities and local service delivery staffs. Ad-
vance orientation meetings were held to re-
view the design and conduct of the study,
answer questions, and attend to paperwork.
All but a few sites were field inspected during
the week before the count, and detailed maps
were drawn showing where plants should po-
sition themselves. Logistics were coordinated
by 6 local staging centers, each staffed by 4
to 6 volunteers.

In 2005, the city postponed the count for a
week, until the night of March 7–8, because of
extreme weather. The ranks of hired plants
were reduced to 115 as a result. Another 4
plants were recruited from our administrative
ranks, enabling us to cover a total of 58 sites
(with 2 plants to a site after exclusion of 1 site
where plants arrived an hour late). Most plants
complied with requests to dress down. Some ar-
rived with blankets or newspapers, many acces-
sorized, and more than a few proved adept at
bringing off the disguise. Surface adjustments to
appearance aside, university recruits could not
hide their youth and health; these characteris-
tics, in the eyes of HOPE’s volunteer counters,
may have lessened their credibility as decoys.

Postcount Interviews of Service Users 
We addressed the second limitation of

the street-count methodology (unsheltered

homeless people being in places that would
be missed) by conducting a survey (based on
the methodology of the National Survey of
Homeless Assistance Providers and Clients9)
of service users on the 2 days following the
count (March 8 and 9). We used published
lists to construct a random sample of repre-
sentatives of 5 types of services, stratified ac-
cording to borough and frequency of service.
We collected data at 12 of the 15 soup
kitchens contacted (7 of which provided fre-
quent services and 5 of which provided infre-
quent services), 2 mobile food programs, 4 of
10 drop-in centers, and all 5 of the city’s
largest street-outreach programs (1 was elimi-
nated because of a misunderstanding about
inclusion). The city provided data from shel-
ter intake centers (treated as a single group).
The final group aside, half of the sites were
located in Manhattan and half in the outer
boroughs. The total count was 23 sites.

Working rapidly, interviewers obtained in-
formed consent from respondents (all service
users or, at large sites, random samples of
users) and asked them where they had spent
the night of the count. Respondents were clas-
sified as not homeless, sheltered, or homeless
and unsheltered during the count. The home-
less and unsheltered category included people
on the street, on subway trains, in subway sta-
tions or tunnels, in transportation hubs, in
parks, in abandoned buildings, in indoor
places not intended for sleeping, and in
“other” locations. 

Additional questions tailored to different
locations were used to determine whether re-
spondents could have been seen by HOPE
counters (e.g., people on subways were asked
whether they rode to the end of the line,
where counters were stationed). Classifica-
tions were augmented by collateral reports
(e.g., from outreach workers). Respondents
were also asked about other services they
had used in the preceding 24 hours. We in-
tended to use these data to correct for any
disproportionate sampling of services, but this
proved unnecessary.

Statistical Approach 
The probability of plants being counted in

each stratum, γstratum, was the product of the
probability that a site with plants was covered
(i.e., visited) by enumerators (pcov) multiplied

by the probability of plants being captured
(i.e., counted), given that the site was covered
(pcap), multiplied in turn by the sampling frac-
tion used by the city in selecting sites (psample).
We estimated the first 2 probabilities by using
the reported experiences of plants on the
night of the count (whether a given site was
visited and, if so, whether plants were
counted). We estimated the total street count
by summing estimates for high-density and
low-density strata. As a result of the small
number of subway sites, the pcov value for
high-density surfaces and subways was a
weighted average. The formula for the plant-
capture adjusted estimate was as follows:

(1)        , 

where the sum was taken over all of the
strata.

Similarly, the postcount survey allowed
for estimates of the probability of individu-
als being visible and thus being counted
(pvisible). Three strata (subways, Manhattan,
and an aggregate of the other boroughs)
were constructed, reflecting similarities in
reported visibility within and differences be-
tween those strata. We were able to calcu-
late an overall population estimate by aggre-
gating the corresponding plant-capture
adjusted estimates from HOPE into these
groupings, dividing by the estimated pvisible

value for each stratum, and then summing
over the different strata. We used a Bonfer-
roni correction for the 9 estimated parame-
ters (strata × density × visibility) to calculate
95% confidence intervals.

RESULTS

Estimating Numbers of Visibly
Unsheltered Individuals

Plants in 17 of the 58 eligible sites were
neither interviewed nor, to the best of their
knowledge, counted. (If interviewed, plants
handed over a site-specific sticker to the inter-
viewer.) Both the uncounted and the counted
categories included a variety of close calls
and ambiguous misses; among counters, for
example, rules for approaching people were
applied irregularly. In addition, boundary am-
biguities plagued even well-defined sites (such
as parks). 

Nest
HOPE count in stratum

stratum
=∑ γ



American Journal of Public Health | August 2008, Vol 98, No. 81440 | Innovations in Design and Analysis | Peer Reviewed | Hopper et al.

 INNOVATIONS IN DESIGN AND ANALYSIS 

TABLE 2—Unsheltered Service Users’ Visibility Status, by Location: New York City, 2005

Visibility Status

Not Visible, No. (%) Visible, No. (%) Uncertain, No. (%) Total, No.

Street 22 (22) 70 (69) 10 (10) 102

Subway train 1 (1) 67 (97) 1 (1) 69

Subway tunnel or station 4 (31) 9 (69) 0 (0) 13

Transportation hub 0 (0) 15 (100) 0 (0) 15

Park 5 (50) 4 (40) 1 (10) 10

Abandoned building 14 (100) 0 (0) 0 (0) 14

Indoor place 28 (100) 0 (0) 0 (0) 28

Other (e.g., porch, car, ferry) 16 (38) 9 (21) 17 (40) 42

Total 90 (31) 174 (59) 29 (10) 293

TABLE 1—Estimated Probabilities From Plant-Capture Count and Postcount Survey: New York City, 2005

Estimated Probability Estimated ProbabilityNumber of Sites Estimated Probability Conditional Probability Fraction of Sites 
of Service User of Service UserWith Plants of Site Being Covered of Plants Being Counted Sampled by City 

Definitely Being Visible Possibly Being Visible
HD LD HD LD HD LD HD LD (95% CI) (95% CI)

Manhattan 24 2 0.75 1.00 1.00 1.00 241 of 241 91 of 701 0.58 (0.49, 0.67) 0.68 (0.59, 0.76)

Outer boroughs 20 2 0.95 1.00 0.79 1.00 268 of 268 311 of 5597 0.33 (0.25, 0.43) 0.51 (0.41, 0.60)

Subways 10 0a 0.80 0.63 98 of 98 47 of 301 0.93 (0.85, 0.97) 0.94 (0.86, 0.97)

Note. HD=high density (based on expectations of finding at least 2 [Manhattan] or 1 [rest of New York City] homeless persons in a given zone); LD= low density (no homeless persons expected to be
found in a given zone); CI =confidence interval.
aOnly a single low-density subway site was included in our plant-capture sample, so these data were pooled with the data from the high-density subway sites.

Twice, counters gave plausible accounts of
why plants they did not interview might not
have been homeless (a flirtation in progress
and an undercover stakeout). In several in-
stances, plants proved overly helpful, beck-
oning to counters who would otherwise
have passed them by. Especially difficult and
extensive were ingrained dispositions that
led counters to not see certain people as
homeless, a phenomenon we labeled “dis-
counting.” The strata-specific distribution of
plants, the probability that a given site was
covered, and the probability that plants were
“captured” if the site was covered are shown
in Table 1.

Estimating Visibility Status Among
Service Users

We interviewed 1171 respondents at 23
service sites; an additional 378 respondents
were not interviewed because they refused,
did not speak English, or were asleep.
A total of 314 (27%) respondents reported
being homeless and unsheltered during the
count. That percentage varied markedly
(and unsurprisingly) according to type of ser-
vice. Using location descriptions provided
by 293 unsheltered service users with us-
able data, amended in some cases by collat-
eral reports, we classified 174 (59%) of these
individuals as definitely visible, 90 (31%) as
definitely not visible, and 29 (10%) as uncer-
tain in terms of visibility status. Locations not
visible included indoor places such as stair-
wells and boiler rooms, all-night commercial
establishments, abandoned buildings, and
hidden outdoor locations (e.g., porches hid-
den by shrubbery). Locations labeled “uncer-
tain” included vehicles and makeshift shelters,
among others (Table 2).

To determine whether respondents’ visibil-
ity varied according to surface (subway vs
street), borough (Manhattan vs outer bor-
oughs), or type of service at which they were
sampled, we estimated a series of 2-level hier-
archical linear (random regression) models to
account for sample clustering.10 Surprisingly,
although type of service at which individuals
were sampled was highly related to whether
they were homeless and unsheltered, it was
unrelated to that group’s likelihood of being
visible to enumerators. (Thus, it was not nec-
essary to apply differential weighting by type
of service to obtain an overall estimate of
population size.) Two factors were associated
with visibility: respondents in Manhattan
were more likely to have been visible during
the count, and those on the street during the
count were substantially less likely to have
been visible than those in the subway system.

On the basis of the postcount survey, the
last 2 columns of Table 1 present estimates
(and their 95% confidence intervals) of the
probability that unsheltered homeless service

users were definitely visible during the count
and of the probability that they at least might
have been visible. 

DISCUSSION

We used 2 different strategies designed to
improve the accuracy of street counts of
homeless people in New York City. The plant-
capture method provided a valid method of
making statistical adjustments to counts; the
undercounts it revealed could in principle be
corrected by improving procedural rigor. By
contrast, our survey of service users suggest-
eds that counting only individuals visible on
the street or in subways cannot, in itself, pro-
vide an accurate estimate of the size of the
homeless population living on the street, in
parks, or in places not intended for habitation.

Given that, as described earlier, an un-
known number of missed plants could have
been “discounted” because they in fact did
not appear to be homeless, the city argued
that our original count should be adjusted by
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between 15% (combined pcov) and 29%
(combined pcap). The city took the midpoint
and adjusted by 22% for an official estimate
of 4395; ours was 4630. We considered the
postcount survey as producing preliminary
findings, and the data derived from this sur-
vey were not used to adjust the estimate.
Such an adjustment would have required ad-
ditional information on patterns of service
usage, and the further assumption that,
among unsheltered homeless people, service
users are at least as likely as nonusers to be
visible during the count. Assuming our sam-
ple was representative, adjustments based on
both missed plants and lack of visibility
among service users may be made to the
count to obtain a more accurated number of
unsheltered homeless people.

The plant-capture strategy yielded other
findings as well. Informal reports suggested
that the use of this technique had felicitous
effects; for example, the mere existence of a
“quality control” study probably improved the
diligence of working volunteers, at least those
from training sites where the study was ac-
knowledged and stressed. As a result of the
ease with which plants could be placed in the
territory to be canvassed and readily un-
masked if discovered, efficiency costs were
negligible.

More striking was the apparent ease with
which some of the counting teams deviated
from their instructions. In particular, reports
of counters walking entirely past plants typify
the practice of discounting, that is, ignoring
certain street occupants because “they don’t
look homeless” and instead, according to
some tacit guide, approaching only those who
do. However, discounting is somewhat tricky:
in a few instances, although plants were ig-
nored, other site occupants were not; as
noted earlier, counters gave plausible (if mis-
taken) readings of why plants should not be
approached; and, in the subways, the logistics
of approach made it prudent to engage in
triage. 

We cannot state with certainty the fre-
quency at which actual homeless people who
departed from stereotypes were missed, but
the survey of service users supplies some evi-
dence. We did not ask homeless service users
whether they had been counted; those missed
could have been in low-density areas that

were not sampled. However, 1 homeless
woman reported that counters interviewed
others but not her, because they did not think
she was homeless. A second respondent re-
ported spending the night quite visibly in an
airport terminal, but the team canvassing the
airport reported no one. Both reports suggest
that homeless respondents, similar to plants,
were sometimes discounted.

With respect to the service-user survey, the
most striking finding is that a substantial pro-
portion of homeless individuals reported
being in places during the HOPE street count
where they could not have been seen by the
volunteer enumerators. This was especially
true of surface sites in the outer boroughs,
which provide more hidden places to stay
(e.g., abandoned buildings, vehicles, porches,
backs of buildings) than are available in Man-
hattan, where most buildings are flush to side-
walks and fences often prevent access to
backs of buildings. 

Service users in the subway system were
most likely to be visible. Our results validate
the city’s strategy of counting homeless sub-
way riders at terminal stations, because al-
most everyone on the trains traveled to the
end of the line. (However, according to our
plant-capture findings, the probability of indi-
viduals in fact being counted when in that
system was not high, but our numbers were
small.) Because relatively few other cities in
the country have all-night subway systems,
and because most streetscapes resemble New
York’s outer boroughs more than Manhattan,
the data on differences in visibility suggest
that street estimates may be substantially more
inclusive in New York than in other cities. If
we take the outer borough surface figure as
representative of other cities, it could be that
even well-executed street counts elsewhere
miss half or more of homeless people.

As with all surveys, ours relied on self-
reported data (modified in a few cases by in-
formation from outreach workers). We sus-
pect that the accuracy levels associated with
classifying individuals as either homeless or
not homeless are lower than those associated
with judging the reported visibility of unshel-
tered homeless individuals. Once one has re-
ported the potentially embarrassing fact of
homelessness, reporting where one spent
the previous night seems less fraught with

implications for self-esteem. We only asked
that respondents provide the types of loca-
tions they frequented; we did not ask them to
report specific hiding places.

A more serious limitation is that a sample
of service users may not accurately represent
the overall population of unsheltered home-
less people. However, if service users are at
least as likely to be visible as nonusers, an es-
timate based on service users provides a
lower bound of the true size of the population.
Also, without information on overall patterns
of service usage by the unsheltered homeless,
it is not clear how to use the service-specific
visibility rates reported by a sample of users
to adjust the population-size estimate. Al-
though, in our study, visibility did not depend
on type of service used, this finding should be
replicated before assuming its applicability to
other counts, even in New York.

Our findings suggest that even such aggres-
sively mounted street counts as HOPE are
fated to miss a large portion of unsheltered
homeless individuals for a pair of reasons.
First, as a result of operational irregularities,
coupled with such contingencies as weather
and logistical limitations, coverage will always
fall short of complete. An embedded plant-
capture strategy can help provide a more
valid estimate. In our study, the yield of this
method was compromised by reduced num-
bers of plants, uneven training of volunteer
counters, and the apparently widespread
practice of discounting. Plant recruiting can
be intensified and training improved. Plants
who “play to” stereotypes (for example, with
tattered outerwear, blankets, and feet
wrapped in plastic bags) may be less likely to
be discounted. Informing counters that they
should seek out plants who may not “appear
homeless” may reduce discounting of genuine
homeless people who would otherwise pass
as housed.

The second, less easily remedied source of
error resides at the heart of street survival
strategies. To the degree that invisibility
serves the purpose of security and uninter-
rupted sleep, substantial proportions of un-
sheltered homeless individuals are likely to
favor it. Even easily accessed but visibility-
blocking structures (such as shanty settle-
ments) may be excluded from counts in the
interest of volunteer safety. (For the same
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reason, poorly lit parks will be only sketchily
explored.) Next-day surveys of service users
can further increase the validity of estimates
and help officials gauge the extent of such
out-of-sample populations, at least to the de-
gree that the “invisibly” homeless routinely use
available services. Other strategies sometimes
recommended, such as relying on outreach
workers for estimates, are unlikely to be effec-
tive if, as was true here, only a minority of
service users report contact with such workers.

It is important to recognize that 1-night
street counts represent only a small propor-
tion of those affected by homelessness. The
average daily census in New York shelters in
2005 (including families) was 33687,11 or
0.42% of the city’s population. In addition, an
unduplicated count based on shelter records
showed that 3.27% of the city’s population
used shelters over the 5-year period from
1988 through 1992,12 when the nightly shel-
ter count averaged only about 70% of the
count for 2005. Although it may be a consid-
erable challenge, obtaining period prevalence
estimates of numbers of unsheltered homeless
individuals, such as yearly estimates, may be
more important than improving point preva-
lence estimates on a given night. Yearly esti-
mates would also be less subject to vagaries
of weather and would provide a more reliable
base for judging the success of efforts to re-
duce street homelessness.
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